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Abstract. An estimated 85% of individuals with spina bifida (SB) survive into adulthood, warranting SB-specific transition to
adult healthcare guidelines to address the diverse and complex medical, adaptive, and social needs particular to this condition.
Latex allergy constitutes one important health concern for this population that requires ongoing and life-long evidence-based
management. This article discusses management of latex allergy according to the SB Latex Allergy Healthcare Guidelines from
the 2018 Spina Bifida Association’s Fourth Edition of the Guidelines for the Care of People with Spina Bifida, reviews current
care models in which such latex allergy guidelines can be implemented, and explores further relevant research topics in SB care
relative to latex allergy.
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1. Introduction

The history of latex allergy and its intersection with
people with spina bifida dates back to the late 1980s in
the United States with the advent of Universal Precau-
tions. At that time, in the midst of the HIV outbreaks,
there was a dramatic demand for latex materials. Fur-
thermore, there was little to no international regulation
relative to the quality of the latex being processed and
used for manufacture of personal protective equipment,
such as gloves, or for medical equipment such as “red
rubber catheters.”

Derived from the plant Heva Brasiliensis, natural
rubber undergoes a manufacturing process resulting in
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a final latex product composed of numerous proteins,
lipids, amino acids, nucleotides, co-factors, and cis-
1,4,-polyisoprene. Even with stringent regulation on
the usual vulcanization and purification processes em-
ployed in the manufacturing of latex, up to 2–3% of
residual free proteins remain in the final product [1].
With lower standards of production globally in the
1980s and early 1990s, there existed a high potential
for allergic reactions to the latex.

Specifically pertaining to individuals with spina bi-
fida, clinical reports of severe allergic reactions, in-
cluding anaphylaxis, and remarkable reports of life-
threatening events related to surgeries began to surface.
Subsequently, latex allergy was found to be an associ-
ated trigger for many of these allergic reactions accom-
panying surgeries as well as episodes of systemic aller-
gic responses to exposure in the natural environments
of home, school, and community [2,3].

The early 1990s brought focused efforts to begin to
systematically avoid exposing infants and children with
spina bifida to natural rubber products. This was partic-
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ularly a focus in major children’s hospitals where heavy
exposure to latex was common; for example, rubber
catheters and latex gloves were often used in neona-
tal intensive care units, newborn nurseries, operating
rooms, and pediatric emergency departments. Eventu-
ally, this avoidance extended to many primary pediatric
offices and pediatric dental offices.

Exposure to latex remains a concern to many indi-
viduals with spina bifida. Notably, natural rubber prod-
ucts remain in use across multiple environments to-
day: hospitals, clinics, schools, churches, homes, and
community facilities. Exposure to latex occurs both
by direct contact and inhalation of powder containing
latex. Symptomatic responses to latex in the allergic
individual may be classified as “mild” or “moderate”
reactions, such as skin irritations, rash, hives, flushed
cheeks, itchy eyes, or sneezing. However, those re-
sponses can immediately progress or evolve to more
dramatic systemic responses such as generalized ur-
ticaria, wheezing, coughing, periorbital erythema and
swelling, nausea and vomiting, and anaphylaxis [4].

In the interval since the publication of the Healthcare
Guidelines for People with Spina Bifida, there have
been a number of subsequently published articles on
the subject of latex allergy in this population. Several
of these are listed in the references below. However,
most are either categorized as review articles, quality
improvement reports that substantiate previously de-
scribed findings, recapitulations of the concepts out-
lined in the guidelines, or re-statements of best practice
guidelines based on clinical practice outcomes [5–9].
Ebo et al. provided a useful overview of the latex IgE
reactivity profile and its use in monitoring and assessing
latex allergy [10]. The present work further integrates
the prior guidelines into clinical settings, assisting the
clinician in applying them to the care of people with
spina bifida across the lifespan and highlighting areas
for future research [11].

2. Goals for better outcomes related to latex
allergy concerns

In preparing to outline healthcare guidelines for clin-
icians and families in partnership, the workgroup first
considered the goals and hoped-for outcomes from ap-
plication of the guidelines. With the endpoints being
considered, several over-arching goals for the guide-
lines were set out. The working group aimed to have
families of individuals with spina bifida (and the indi-
viduals as they reach maturity) demonstrate awareness

of the history of latex allergy and the importance of
avoidance of latex as the primary medical intervention
against life-threatening allergic events. As a component
of this, families and individuals require education and
intermittent reminders of the signs and symptoms of la-
tex allergy. If, over time, the individual becomes sensi-
tized and demonstrates systemic allergic manifestation,
it is crucial that the person know about medical “alert”
options in the event of a systemic and/or anaphylactic
reaction. Today, the use of a medical information app
on the personal phone increasingly constitutes the “go
to” avenue in urgent care and emergency departments;
in addition, the classic medical alert bracelet continues
to be encouraged.

The goals outlined were designed to be practical and
achievable by the individual, family members, and clin-
icians working with them. The desired primary, sec-
ondary and tertiary outcomes from the use of latex al-
lergy guideline consisted of the following:

2.1. Primary outcomes

– To help people with spina bifida avoid all direct
skin contact to natural rubber latex protein and
latex-containing products in the environment

– Provide awareness and understanding that latex
allergy remains a relatively high-risk condition for
this population

– To help people with spina bifida to better un-
derstand that latex-containing products can still
be a concern in activities of daily living, medi-
cal/surgical care, and community participation

– To help people with spina bifida be knowledge-
able of and aware of signs and symptoms of latex
allergy

2.2. Secondary outcomes

– People with spina bifida and known latex allergy
should have medical-alert identification with them
at all times (bracelet, personal phone medical in-
formation app, etc.)

– People with spina bifida and known latex allergy
and their families should know the signs of life-
threatening anaphylaxis

2.3. Tertiary outcome

– People with spina bifida and known latex allergy
and their families should have a pre-arranged plan
of action in the event of a severe, life-threatening
anaphylactic reaction
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Table 1
Clinical questions that informed the latex allergy guidelines

Age group Clinical questions
0–3 years 1. What knowledge do parents and caregivers of infants and toddlers with spina bifida need with regard to risk for latex

allergy?
2. What activities and objects/materials that children in this age group and their families come across frequently present risks

for latex allergy?
3. How can parents and caregivers of infants and toddlers with spina bifida keep them safe with respect to their risk for latex

allergies?
4. What is the role of clinicians and health care facilities in keeping children safe?
5. What are the considerations for appropriate medical identification of the child with latex allergy?

3–6 years 1. Where are children of this age group most likely do encounter objects containing latex?
2. What are the considerations related to classrooms and community play areas?
3. What knowledge to parents, caregivers, teachers and school staff need to eliminate exposure to latex?
4. How can the children enjoy parties with friends and explore new foods while avoiding latex?
5. What basic knowledge and emotional readiness do the children themselves need to keep them safe from latex exposure?
6. How should children with known latex allergy be managed when there are concerns about cross-reactivity?

6–13 years 1. How can knowledge and awareness of latex exposure and allergy risk be maintained and built upon by parents, caregivers,
clinicians, and teachers as children continue to mature, taking into account the child’s learning and behavioral needs?

2. What environments where the children spend time pose the greatest risk of latex exposure?
3. Are there potential food exposures stemming from hidden food preparation practices?
4. What is the care plan, including medications, for children with a known latex allergy who have a reaction?

13–18 years 1. How can the adolescent with spina bifida increase their knowledge and awareness of latex allergy risk so that they become
more independent in keeping themselves safe, according to their developmental level?

2. What are new risks that arise related to the widening sphere of social and recreational activities for this age group?
3. What do teens need to know about latex allergy risks and contraceptives before they initiate sexual activity?
4. How can the care plan, including medications, be better understood by the adolescent, in the context of cognitive and

behavioral status?

Adults 1. What is the baseline understanding of the individual with spina bifida regarding latex allergy risk across the different
settings they encounter, including occupational settings, and how can learning gaps be filled?

2. How will protection from latex allergy risk impact sexuality and relationships?
3. For the individual with known latex allergy, what are the salient needs related to maintaining updated medication and

treatment plans?
4. How should the development of new latex allergy be managed?

3. Methodology

In keeping with the protocol used for construction
of the Healthcare guidelines, the working group on
latex allergies followed the uniform methodology set
out for the project by Dicianno et.al. [12] More de-
scription of the workgroup’s process is outlined in
the final version of the Healthcare guidelines found at
https://www.spinabifidaassociation.org/guidelines/latex.

A workgroup for the topic was identified and ap-
pointed and consisted of: Richard Adams, MD (Chair);
Kevin Kelly, MD; Sue Lockwood, Allergy and Asthma
Network; Suzanne McKee, RN BSN; Candice Walker,
PhD; Heather Burns, BA.

To assure an extensive scoping review of the litera-
ture since the publication of the prior 3rd Edition of the
Guidelines, each of the workgroup members reviewed
the interval literature for research and outcomes-based
studies related to latex, latex allergy, spina bifida, and
myelomeningocele. This was greatly assisted by the
Medical Librarian at Scottish Rite Hospital in Dallas,

TX. Peer-reviewed publications that were reviews only
were searched for potential references not otherwise
found through the scoping review. The salient updated
studies are listed in the Healthcare guidelines chapter
on Latex Allergy.

The workgroup compiled guidelines for each of the
age groups listed and then presented these to the other
workgroups involved with the Healthcare guidelines
for expert response and suggestions. This process was
repeated after a first editing. Specific suggestions were
constructed by consensus, given the status of research
published and the current knowledge base about latex
allergy in spina bifida.

4. Clinical questions framing the guidelines

The guidelines emerged from clinical questions
among the workgroup that related to caring for people
with spina bifida and risk for latex allergy. These varied
by the age group of the people with spina bifida be-
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ing considered and reflect environmental, psychosocial
and medical factors. Table 1 presents the workgroup’s
questions according to age group.

5. Results: Guidelines related to latex allergy for
people with spina bifida

Outlined according to age groups, the guidelines re-
lated to latex allergy strive to educate people with spina
bifida and their families about these risks, and to of-
fer suggestions for avoidance to minimize potentially
life-threatening events. Importantly, differing risks of
exposure occur in various environmental settings across
the lifespan. Likewise, the shift in emphasis related to
avoidance, prevention, and actions move from caregiver
to the individuals, themselves, as they move through
successive developmental stages. Table 2 provides an
outline. As they progress through development, and
according to their cognitive and behavioral status, the
focus of education and care plan responsibilities tran-
sition from the family to the individual. In addition,
as the person matures, they encounter more environ-
ments and settings which may pose new latex expo-
sure risks. Furthermore, in adolescence and adulthood,
needs emerge regarding relationships and sexuality as
well as occupational environments.

5.1. Early years

Avoidance of exposure to latex should begin in the
operating room for those undergoing prenatal surgi-
cal closure and in the delivery room and the neonatal
nursery for all infants with spina bifida. When possible,
birthing centers for children with spina bifida should
have a “latex free” designation. To that end, working
with hospital purchasing personnel to assure that no
products with latex enter the hospital comprises a useful
first step.

Expectant prenatal counseling with the surgeon and
the spina bifida team physician, emphasizing latex
avoidance, can begin the conversation, which should
recur over the years. This will help families as they pre-
pare to bring the infant home: i.e., latex-free pacifiers,
bottles, toys, etc.

Similarly, anticipatory guidance delivered at in-
fant/toddler “well child visits” for children with spina
bifida should include education regarding the signs and
symptoms of latex allergic reactions. Clearly, the types
of toys, personal possessions, and the home environ-
ment will change over time, necessitating a develop-

mentally tailored approach. Also, consideration must be
given to educating day care and school staff, teachers,
and other caregivers (grandparents, etc.) about the need
to avoid unnecessary exposure.

Children at the pre-K to kindergarten age are ca-
pable of identifying some examples of latex products
in their environment and they should be encouraged
to proactively ask their teachers and other responsible
adults (i.e., doctors, nurses, therapists, dentists, or oth-
ers) about the presence of latex objects of concern in
the immediate environment (i.e., rubber balls, balloons,
adhesive bandages, etc.) [2,4,13–33].

5.2. School years

During this stage, education about latex allergy risks
should gradually shift from parents and caregivers to
the elementary school aged child with spina bifida.
These risks should be discussed at each well child
visit while assuring monitoring and support from par-
ents/caregivers. Moreover, health care clinicians should
encourage the child to ask questions and provide them
with developmentally appropriate responses.

Children in this age group participate in a wider
range of environments, including those at home, school,
church, and community organizations. In this age
group, they increasingly participate in informal ac-
tivities and have interactions during “sleep overs” at
friends’ homes, and visits to restaurants, camps, and
shopping malls. In addition, there may be frequent visits
to medical and dental offices.

As it remains unrealistic that each of these differ-
ing environments will achieve a “latex free” status, it
becomes increasingly important for the growing child
to assume a proactive role in self-monitoring for latex
allergy.

For those children who have tested positive via IgE
immunofluorescence studies and have demonstrated
clinical signs and symptoms of an allergic response
to latex, they and their parents should be encouraged
to have available diphenhydramine and self-injectable
epinephrine at all times. In addition, the child should
learn that these medications need to be available when
on outings away from home and school.

Increasingly, questions arise related to what has come
to be called “latex fruit syndrome.” This syndrome in-
volves protein allergens (for example, Hev b 6 heien)
present in some latex products and making up a no-
table percentage of the total protein. Some evidence
exists pointing to cross-reactivity to certain proteins
in a group of fruits, for example, bananas, avocados,
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Table 2
Spina bifida latex allergy guidelines for clinicians - summaries by age groups across the lifespan

Age group Guidelines Evidence
0–3 years 1. Inform parents and caregivers for infants and toddlers about latex allergy and ways to

provide safe infant care while avoiding exposure to latex products
[2, 4, 13–33]

2. In clinical practice and healthcare facilities, avoid products that contain latex when caring
for infants/toddlers with spina bifida

[2, 4, 13–33]

3. Inform medical staff and families of potential latex-containing products such as bottle
nipples, pacifiers, teething rings, toys, and medical supplies (adhesive bandages, catheters,
etc.)

[2, 4, 13–33]

4. As toddlers show increased mobility, remind families that this puts the child at greater
risk for exposure

[2, 4, 13–33]

5. All toys should be evaluated to assure they are latex-free [2, 4, 13–33]

6. Encourage families to practice latex avoidance [2, 4, 13–33]

7. Encourage families of children who have demonstrated latex allergy to utilize medical
identification for the child

[2, 4, 13–33]

3–6 years 1. As children enter into preschool and kindergarten, screen for toys and products in the
classroom and other school settings that may be latex-containing

[2, 4, 13–33]

2. Discuss avoidance principles with school staff (rubber balloons at parties, school activi-
ties, field trips, restaurants, other gatherings for events and activities)

[2, 4, 13–33]

3. Teach children with spina bifida to be proactive and confident in asking questions about
items that may contain latex in their environments

[2, 4, 13–33]

4. Teach children, at a basic level, to avoid latex products and to identify latex-free substitutes
(example: Mylar balloons for celebrations)

[2, 4, 13–33]

5. Instruct families to check that food made in public venues has been prepared with
latex-free gloves

[2, 4, 13-33]

6. Initiate referral to an allergist when the child has known latex allergy but it is not known
if he/she is allergic to cross-reacting foods

[2, 4, 13-33]

6–13 years 1. Increase education efforts to the children about latex identification and the importance
of continued avoidance by reviewing the principles behind latex allergy prevention;
encourage questions from the child and provide developmentally-appropriate answers

[2, 4, 13–33]

2. Discuss potential latex exposures across home, school, community activities [2, 4, 13–33]
3. Educate about possible “unseen” exposures (example: food preparation in restaurants

where latex gloves are used)
[2, 4, 13–33]

4. For those with known latex allergy, instruct the child and the family/caregivers that
diphenhydramine (oral) and epinephrine in a dose-appropriate self-administration form
for injection need to be immediately available at all times

[2, 4, 13–33]

5. As above, in children with known latex allergy and concerns of cross-reactivity, initiate a
referral to an allergist

[2, 4, 13–33]

13–18
years

1. In this particular age group wherein risk-taking is a common element in their develop-
mental progression, provide updated education about their role in avoidance of products
containing latex

[17–19, 21, 24–34]

2. Assist the teen in better understanding allergy risks in home, school, and community
settings (restaurants, sports venues, etc.)

[17–19, 21, 24–34]

3. Educate teens about latex-safe contraceptive products before they become sexually active [17–19, 21, 24–34]
4. For teens with known latex allergy, review again the importance of readily available

diphenhydramine (oral) and self-administered epinephrine; help to clarify a plan of
decision-making and action with the teen

[17–19, 21, 24–34]

Adults 1. Clarify with the adult their understanding of prevention, precautions, and avoidance of
latex and natural rubber products at home, the workplace, and the community; provide
answers to questions

[2, 3, 15–19, 21, 24–34, 36, 37]

2. Review importance of avoiding latex-containing products for contraception in the person
with spina bifida and the partner

[2, 3, 15–19, 21, 24–34, 36, 37]

3. Clarify the need for new prescriptions / refills for diphenhydramine, self-injectable
epinephrine; review protocols for administration; review a plan of care regarding if/when
to use these medications

[2, 3, 15–19, 21, 24–34, 36, 37]

4. If new allergic symptoms are noted in a person with known latex allergy, refer to allergist
for consideration of further testing

[2, 3, 15–19, 21, 24–34, 36, 37]
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kiwi, and chestnuts. While these are the more frequently
cited examples, there are a least 25 other fruits that
may have some level of cross-reactivity with latex. In
these cases, allergy testing can help to clarify such trig-
gers [17–19,21,24–36].

5.3. Adolescence

The typical developmental challenges of adolescence
also impact youth with spina bifida. Adolescents’ de-
nial of medical issues, their desire to “fit in” and their
tendency for risk-taking can all contribute to greater
exposure to latex in the environment. To address these
challenges, the concept of motivational interviewing
can be applied during clinical visits with the adoles-
cent with spina bifida. As these youth “experiment”
and explore newfound freedoms and wider venues, they
benefit from enhanced supports to help shift the “locus
of control” in managing latex risk from parents and
caregivers to themselves.

With respect to sexuality, any related educational
conversations and counseling must also include the
subject of latex allergy. Latex-free contraceptives are
critical in avoidance of unplanned pregnancy, sexually
transmitted diseases, and unwanted latex allergy symp-
toms.

Again, for those who have tested positive and demon-
strated systemic signs of allergy or even anaphylac-
tic responses, the availability of diphenhydramine and
epinephrine remains important. Helping the adoles-
cent to develop, process (including cognitively, emo-
tionally, and socially), and apply a proactive action
plan for systemic reactions can be life-saving. Clini-
cians should customize the approach based on the di-
verse executive functioning, learning and behavioral
differences that may manifest in youth with spina bi-
fida. [17–19,21,24–34].

5.4. Adult

Similar to their parents having to assist in the school
in assuring a latex-free environment for their class-
rooms, adults with spina bifida entering into a work-
place now need to assume a similar diligence in sur-
veying their environment and educating the supervisor
of the workplace about latex and its risks. The occupa-
tional health nurse or staff can represent allies in this
endeavor. On a personal level, the same issues related
to contraceptives, as mentioned above, hold true.

Over time, if any new allergic symptoms present in
the person with a known latex allergy, a referral to an

allergy specialist should be made for consideration of
further testing. Furthermore, for the adult with spina
bifida with a known past history of latex allergy, dosages
and prescriptions for self-injectable epinephrine should
be reviewed and updated periodically [2,3,15–19,21,
24–34,36,37].

6. Areas for future research

As the total volume of randomized controlled or pop-
ulation studies about latex allergies in spina bifida re-
main minimal, the guideline recommendations for each
of the above categories emerged primarily by consensus
of experts in allergy/immunology, spina bifida clinical
care, and family insight. Clearly, there remain many
questions and multiple opportunities for future research
endeavors [38].

The Latex Allergy Workgroup offered a number of
suggestions going forward. Examples include:

– Provide updated measures on the true incidence
and prevalence of latex allergy among people with
spina bifida and among others with frequent ex-
posure to latex products (nurses, environmental
services workers, others who routinely use latex
products) for comparison.

– Conduct descriptive studies of people with spina
bifida who “turn positive,” addressing questions
about immunity, genetic differences, exposure his-
tories, etc.

– Undertake animal model studies on the clinical im-
pact of latex powder exposure to increase knowl-
edge about the risk of latex gloves in the commu-
nity.

– Address the following questions:
∗ How can we best come to consensus on most

effective preventive screening protocols? [39]
∗ How can we become more informed about the

realities and the extent of risk in cross-reactivity
of latex allergy and certain foods?

7. Conclusion

Until better scientific explanations are available to
specifically direct preventive measures and treatment
for people with spina bifida who have latex allergy is-
sues, the consensus remains: this group should continue
to avoid skin contact with latex protein in the environ-
ment and should avoid inhalation of powder that con-
tains latex particles. This practice of avoidance should
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extend to latex-containing products used for activities of
daily living, medical care, dental care, and community
integration across the life span. Moreover, education
and guidance pertaining to latex allergy risks should
involve a partnership between the clinician and the indi-
vidual and the family, with increasing self-management
for the maturing individual, tailored to cognitive and
developmental status.

Acknowledgments

This edition of the Journal of Pediatric Rehabilitation
Medicine includes manuscripts based on the most re-
cent “Guidelines For the Care of People with Spina Bi-
fida,” developed by the Spina Bifida Association. Thank
you to the Spina Bifida Association for allowing the
guidelines to be published in this forum and making
them Open Access.

The Spina Bifida Association has already embarked
on a systematic process for reviewing and updating
the guidelines. Future guidelines updates will be made
available as they are completed.

Executive Committee

– Timothy J. Brei, MD, Spina Bifida Association
Medical Director; Developmental Pediatrician,
Professor, Seattle Children’s Hospital

– Sara Struwe, MPA, Spina Bifida Association Pres-
ident & Chief Executive Officer

– Patricia Beierwaltes, DPN, CPNP, Guideline Steer-
ing Committee Co-Chair; Assistant Professor,
Nursing, Minnesota State University, Mankato

– Brad E. Dicianno, MD, Guideline Steering Com-
mittee Co-Chair; Associate Medical Director and
Chair of Spina Bifida Association’s Professional
Advisory Council; Associate Professor, Depart-
ment of Physical Medicine and Rehabilitation,
University of Pittsburgh School of Medicine

– Nienke Dosa MD, MPH, Guideline Steering Com-
mittee Co-Chair; Upstate Foundation Professor
of Child Health Policy; SUNY Upstate Medical
University

– Lisa Raman, RN, MScANP, MEd, former Spina
Bifida Association Director, Patient and Clinical
Services

– Jerome B. Chelliah, MD, MPH, Johns Hopkins
Bloomberg School of Public Health

Additional Acknowledgments

– Julie Bolen, PhD, MPH, Lead Health Scientist,
Rare Disorders Health Outcomes Team, National

Center on Birth Defects and Developmental Dis-
abilities, Centers for Disease Control and Preven-
tion

– Adrienne Herron, PhD Behavioral Scientist, In-
tervention Research Team, National Center for
HIV/AIDS, Viral Hepatitis, STD, and TB Preven-
tion, Centers for Disease Control and Prevention

– Judy Thibadeau, RN, MN, Spina Bifida Asso-
ciation Director, Research and Services; former
Health Scientist, National Spina Bifida Program,
National Center on Birth Defects and Develop-
mental Disabilities, Centers for Disease Control
and Prevention

Funding
The development of these Guidelines was supported

in part by Cooperative Agreement UO1DD001077,
funded by the Centers for Disease Control and Preven-
tion. Its contents are solely the responsibility of the au-
thors and do not necessarily represent the official view
of the Centers for Disease Control and Prevention or
the Department of Health and Human Services.

Conflict of interest

The authors have no conflict of interest to report.

References

[1] Mathew SN, Melton A, et al. Latex hypersensitivity: Preva-
lence among children with spina bifida and immunoblotting
identification of latex proteins. J Allergy Clin Immunol. 1992;
89: 225.

[2] Ausili E, Tabacco R, Focarelli B, Nucera E, Patriarca G, Ren-
deli C. Prevalence of latex allergy in spina bifida: genetic and
environmental risk factors. Eur Rev Med Pharmacol Sci. May-
Jun 2007; 11(3): 149-53.

[3] Bernardini R, Novembre E, Lombardi E, Mezzetti P, Cianfer-
oni A, Danti DA, et al. Risk factors for latex allergy in patients
with spina bifida and latex sensitization. Clin Exp Allergy.
1999; 29: 681-686. doi: 10.1046/j.1365-2222.1999.00541.x.

[4] Bueno de Sa A, Araujo RFC, Cavalheiro S, Mallozi MC, Sole
D. Profile of latex sensitization and allergies in children and
adolescents with myelomeningocele in Sao Paulo, Brazil. J
Investig Allergol Clin Immunol. 2013; 23(1): 43-49.

[5] Stinkens R, Verbeke N, Van de Velde M, Ory J-P, Baldussu
E, Ruiters C, et al. Safety of a powder-free allergy protocol
in the operating theatre: A prospective, observational cohort
study. Eur J Anaesthesiol. April 2019; 36(4); 312-313. doi:
10.1097/EJA.0000000000000953.

[6] Raulf M. Current state of occupational latex allergy. Curr
Opin Allergy Clin Immunol. April 2020; 20(2); 112-116. doi:
10.1097/ACI.0000000000000611.



608 V. Meneses et al. / Latex allergy guidelines for people with spina bifida

[7] Taicher BM, Ross AK. Challenges During Surgery for
Myelomeningocele and Encephalocele. In: Brambrink A,
Kirsch J, editors. Essentials of Neurosurgical Anesthesia &
Critical Care. Springer Nature Switzerland AG 2020: Springer,
Cham, 2020. pp. 377-382. doi: 10.1007/978-3-030-17410-
1_58.

[8] Tommaso CP, Cofer SA, et al. Latex-safe: children’s center
conversion. Perioperative Care and Operating Room Manage-
ment. 2019; 14: 1-4. doi: 10.1016/J.PCORM.2018.12.001.

[9] Nowakowska-Swirta E,1 Wisziniewska M, Walusiak-Skorupa
J. Allergen-specific IgE to recombinant latex allergens in oc-
cupational allergy diagnostics. Jour Occup Health. 2019; 61:
378-386. doi: 10.1002/1348-9585.12064.

[10] Ebo DG, Bridts CH, Rihs H-P. Hevea latex-associated aller-
gies: piecing together the puzzle of the latex IgE reactivity
profile. Expert Rev Mol Diagn. 2020; 20(4): 367-373. doi:
10.1080/14737159.2020.1730817.

[11] Guidelines for Spina Bifida Health Care Services Throughout
the Lifespan. Third Edition. Editor: Mark Merkens. Spina
Bifida Association. 2006.

[12] Dicianno BE, Beierwaltes P, Dosa N, Raman L, Chelliah J,
Struwe S, et al. Scientific methodology of the development
of the Guidelines for the Care of People with Spina Bifida:
An initiative of the Spina Bifida Association. Disabil Health J.
2020; 13(2): 100816. doi: 10.1016/j.dhjo.2019.06.005.

[13] Blumchen K, Bayer P, Buck D, Michael T, Cremer R, Fricke
C, et al. Effects of latex avoidance on latex sensitization, atopy
and allergic disease in patients with spina bifida. Allergy. 2010;
65: 1585-1593. doi: 10.1111/j.1398-9995.2010.02447.x.

[14] Bozkurt G, Sackesen C, Civelek E, Kalayci O, Akalan N,
Cataltepe O. Latex sensitization and allergy in children with
spina bifida in Turkey. Childs Nerv Syst. 2010; 26: 1736-1742.
doi: 10.1007/s00381-010-1185-z.

[15] Buck D, Michael T, Wahn U, Niggemann B. Ventricular
shunts and the prevalence of sensitization and clinically rele-
vant allergy to latex in patients with spina bifida. Pediatr Al-
lergy Immunol. 2000; 11: 111-115. doi: 10.1034/j.1399-3038.
2000.00039.x.

[16] Cremer R, Lorbacher M, Hering R, Engelskirchen R. Natural
Rubber latex sensitization and allergy in patients with spina
bifida, urogenital disorders and esophageal atresia compared
with a normal paediatric population. Cerebrospinal Fluid Res.
2006; 3(Suppl 1): S24. doi: 10.1186/1743-8454-3-S1-S24.

[17] Eiwegger T, Dehlink E, Schwindt J, Pomberger G, Reider N,
Frigo E, et al. Early exposure to latex products mediates latex
sensitization in spina bifida but not other diseases with com-
parable latex exposure rates. Clin Exp Allergy. 2006; 36(10):
1242-1246. doi: 10.1111/j.1365-2222.2006.02564.x.

[18] Johar A, Lim DL, Arif SAM, Hawarden D, Du Toit G, Wein-
berg EG, et al. Low prevalence of latex sensitivity in South
African spina bifida children in Cape Town. Pediatr Allergy
Immunol. 2005; 16(2): 165-170. doi: 10.1111/j.1399-3038.
2005.00221.x.

[19] Nieto A, Estornell F, Mazon A, Reig C, Nieto A, Garcia-
Ibarra G. Allergy to latex in spina bifida: A multivariate
study of associated factors in 100 consecutive patients. J Al-
lergy Clin Immunolo. 1996; 99: 501-507. doi: 10.1016/S0091-
6749(96)70082-9.

1Note: the above article begins: The average prevalence of latex
allergy and sensitization worldwide remains 97% and 124% among
healthcare workers, 7.2% and 30.4% among susceptible patients, and
4.3% and 2.1% among general population.

[20] Nieto A, Mazon A, Estornell F, Nieto A, Reig C, Garcia-Ibarra
F. The search of latex sensitization in spina bifida: diagnostic
approach. Clin Exp Allergy. 2000; 30(2): 264-269. doi: 10.
1046/j.1365-2222.2000.00705.x.

[21] Pamies R, Oliver F, Raulf-Heimsoth M, Rihs H-P, Barber
D, Boquete M, et al. Patterns of latex allergen recognition
in children sensitized to natural rubber latex. Pediatr Al-
lergy Immunol. 2006; 17: 55-59. doi: 10.1111/j.1399-3038.
2005.00341.x.

[22] Szepfalusi Z, Seidl R, Bernert G, Dietrich W, Spitzauer S,
Urbanek R. Latex sensitization in spina bifida appears disease-
associated. J Pediatr. 1999; 134(3): 344-348. doi: 10.1016/
s0022-3476(99)70461-0.

[23] Cremer R, Kleine-Diepenbruck U, Hering F, Holschneider
AM. Reduction of latex sensitization in spina bifida patients by
a primary prophylaxis programme (five years experience). Eur
J Pediatr Surg. 2002; 12: 19-21. doi: 10.1055/s-2002-36866.

[24] Kattan H, Harfi HA, Tipirneni P. Latex allergy in Saudi chil-
dren with spina bifida. Allergy. 1999; 54: 70-73. doi: 10.1034/
j.1398-9995.1999.00683.x.

[25] Nieto A, Mazon A, Pamies R, Lanuza A, Munoz A, Estornell
F, et al. Efficacy of latex avoidance for primary prevention
of latex sensitization in children with spina bifida. J Pediatr.
2002; 140(3): 370-372. doi: 10.1067/MPD.2002.122732.

[26] Ozkaya E, Coskun Y, Turkmenoglu Y, Samanci N. Prevalence
of latex sensitization and associated risk factors in Turkish
children with spina bifida. Pediatr Surg Int. 2010; 26: 535-538.
doi: 10.1007/s00383-010-2575-8.

[27] Chua X, Mohamed J, van Bever HPS. Prevalence of latex
allergy in spina bifida patients in Singapore. Asia Pac Allergy.
2013; 3: 96-99. doi: 10.5415/apallergy.2013.3.2.96.

[28] Hochleitner B, Menardi G, Haussler B, Ulmer H, Kofler H,
Reider N. Spina bifida as an independent risk factor for sensiti-
zation to latex. J Urol. 2001; 166(6): 2370-2374. doi: 10.1016/
S0022-5347(05)65592-9.

[29] Majed M, Nejat F, El Khashab M, Tajik P, Gharagozloo
M, Baghban M, et al. Risk factors for latex sensitization in
young children with myelomeningocele. J Neurosurg Pedi-
atrics. 2009; 4(3): 285-288. doi: 10.3171/2009.4.PEDS08364.

[30] Mazon A, Nieto A, Estornell F, Nieto A, Reig C, Garcia-
Ibarra F. Factors that influence the presence of symptoms
caused by latex allergy in children with spina bifida. J Allergy
Clin Immunolo. 1996; 99(5): 600-604. doi: 10.1016/s0091-
6749(97)70019-8.

[31] Obojski A, Chodorski J, Barg W, Medrala W, Fal AM, Mal-
olepszy J. Latex allergy and sensitization in children with
spina bifida. Pediatr Neurosurg. 2002; 37(5): 262-266. doi:
10.1159/000066219.

[32] Parisi CAS, Patriz NA, Busaniche JN, Cortines MC, Frangi FA,
Portillo AS, et al. Prevalence of latex allergy in a population
of patients diagnosed with myelomeningocele. Arch Argent
Pediatr. 2016; 114(1): 30-35. doi: 10.5546/aap.2016.eng.30.

[33] Brei T, Sawin K, Buran C, Webb T, Cashin SE, Heffelfinger A.
Secondary conditions in adolescents and young adults (AYA)
with spina bifida (SB) in four US programs. I54th Annual
Meeting of the Society for Research into Hydrocephalus and
Spina Bifida. Vancouver, Canada. 7–10 July 2010.

[34] Minami C, Barnard C, Bilmoria K. Management of a pa-
tient with a latex allergy. JAMA. 2017; 317(3): 309-310. doi:
10.1001/jama.2016.20034.

[35] Asthma and Allergy Foundation of America, Latex Al-
lergy, 2015. Available from: http://www.aafa.org/page/latex-
allergy.aspx.

[36] Sampson H, Aceves S, Bock S, James J, Jones S, Lang D, et



V. Meneses et al. / Latex allergy guidelines for people with spina bifida 609

al. Food allergy: A practice parameter update – 2014. J Al-
lergy Clin Immunol. 2014; 134(5): 1016-1025. doi: 10.1016/j.
jaci.2014.05.013.

[37] Mazon A, Nieto A, Pamies R, Felix R, Linana JJ, Lanuza A, et
al. Influence of the type of operations on the development of la-
tex sensitization in children with myelomeningocele. J Pediatr
Surg. 2005; 40: 688-692. doi: 10.1016/j.jpedsurg.2005.01.009.

[38] Kelly KJ, Sussman G. Latex allergy: where are we now and
how did we get there? J Allergy Clin Immunol Pract. 2017; 5:
1212-1216. doi: 10.1016/j.jaip.2017.05.029.

[39] Raulf-Heimsoth M, Rihs H-P, Rozynek P, Cremer R, Gaspar
A, Pires G, et al. Quantitative analysis of immunoglobulin E
reactivity profiles in patients allergic or sensitized to natural
rubber latex (Hevea brasiliensis). Clin Exp Allergy. 2007; 37:
1657-1667. doi: 10.1111/j.1365-2222.2007.02833.x.


